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Abstract
The impacts of forest roads on soil were studied in a timber harvesting area of 92 ha in the 
municipality of San Dimas, state of Durango, Mexico. The area included 3127 m of main 
roads, 2907 m of secondary roads and 2979 m of tertiary roads. The timber was harvested at 
the beginning of 2012. After logging, soil loss by run-off during the rainy season was assessed 
along the truck ruts. This variable was correlated with the width and the longitudinal and 
transverse slopes of the road. The overall average road density (98 m/ha) indicated an average 
external yarding distance of 102 m. This is a short distance considering that timber was drawn 
with a jammer, which can pull logs over a distance of 300 m or more. Run-off in the rainy 
season decreased the ground level by between 38 and 58 mm along the truck ruts, and the soil 
loss was different in each type of road. The findings have led us to propose the elimination of 
some tertiary roads, to reduce the total road density to 78 m/ha. This is more than sufficient 
for logging, especially if the jammer capacity is improved, e.g., by applying the highlead system 
or the aerial yarding system with jammer. We estimate that soil loss would be reduced by 20% 
with the proposed changes to the road network. Additionally, the new road network would 
enable almost 20% of the area now occupied by roads to be reforested.
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1. Introduction
Rural roads are essential for the social and eco-
nomic	development	of	communities	in	mountainous	
or semi desert locations, where access to basic health 
services	and	education	 is	very	 complicated	 (Mills	
1997).	These	roads	enable	people	to	study,	enjoy	and	
live within wild areas and forests, and they facilitate 
leverage	of	resources	and	ecosystem	services	(Keller	
and Sherar 2004, Tolosana et al. 2000, Bruce et al. 





2004, Naghdi 2004). The ecosystem also becomes 
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reverse	the	balance	of	the	initially	perceived	benefits	
in	the	medium	and	long	term	(López	2009).












network is its density, which indicates the length of 
road	per	unit	area	(Keller	and	Sherar	2004).	In	Europe,	
the average density of forest roads for ground skid-
ding	is	about	25	m	per	hectare	of	forest	(Dykstra	and	
Heinrich	1996).





system). The average external yarding distance with 
this system is almost never longer than 150 m, which 
implies	an	average	road	density	>65	m/ha.
Use	of	a	two	drum	jammer	would	enable	application	









and training and would reduce the density of roads 
needed in various harvesting areas by more than half 
(Hernández	et	al.	2002).
Owners and managers of timber harvesting com-
panies	should	train	operators	and	make	maximum	
Fig. 1 Jammer with one reel, which is the type commonly used in timber harvesting operations in Mexico
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use	 of	 the	 available	 technology	 and	 capacity	 and	
reaching	range	of	equipment	and	machines	for	log	
yarding	(Dykstra	and	Heinrich	1997).	This	would	re-





















which timber harvesting had recently been carried out 






Fig. 2 Maps showing the location of the study area
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In the roads under study, sections were marked 
every	50	m	as	possible	sites	for	sampling	points	for	
placing	stakes	to	enable	measurement	of	erosion.	Thir-
ty-one	 (31)	 sampling	 points	 (50%	 of	 the	 possible	
points)	were	positioned	on	the	main	road,	which	is	
3127	m	 long.	 The	positions	 of	 all	 sampling	points	
along the road were randomly selected, using the fol-












bridges, culverts, ditches or bed liners.
At	each	sampling	point,	a	wooden	stake	was	stuck	
as	far	as	possible	into	the	ground	in	the	middle	of	the	













was estimated as follows:
 ( )= − ×10.000SL lb la  (1)
Where:
SL  soil loss in the truck tracks, m3/ha;
(lb – la)	 		difference	in	soil	level	measured	before	and	
after	the	rainy	season,	m.













RL  total length of the road of interest in the cut-
ting	area,	m;
A	 cutting	area,	ha;
AEYD average external yarding distance, m.
The	exposed	surface	without	vegetation	per	hect-
are was calculated as follows:










that may exist between two variables, was calculated 
and	expressed	as	follows	(Mora	2008):







1 6 / 1r di n n  (5)
Where:









test, also known as the H	Test	(Acuña	2013),	was	used	
to determine whether the magnitude of soil loss by 
runoff	was	the	same	for	the	three	types	of	roads.	This	
test	enables	comparison	of	independent	samples	and	
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Where:
H	 	test	statistic;
R1, R2, R3	 	ranges	for	each	observation	of	each	sample,	
obtained when considering together all ob-
servations	in	the	three	samples	compared;
n1, n2, n3	 	the	size	(number	of	observations)	of	each	
sample;
N  the sum of all the observations in the three 
samples.
3. Results and discussion
The logging area under study covers 92 ha and in-
cludes	3127	m	of	main	roads,	2907	m	of	secondary	
roads and 2979 m of tertiary roads. The average road 
density	is	98	m/ha,	which	is	equivalent	to	an	average	
external yarding distance of 102 m from the road. This 
is	considered	a	very	short	distance	given	the	capacity	
and	the	potential	reach	of	the	jammer.






















of the rainy season in 2012. The width of each road was 
measured considering the area devoid of vegetation 
due	to	the	passage	of	the	road.	This	was	measured	
from the start of the ravine on one side of the road to 
the area where soil removal was noticeable on the 
other	side	of	the	road.	We	noted	that	the	road	was	
wider in many areas due to truck tracks. The longitu-
dinal	and	transverse	slopes	were	measured	from	the	
center	of	the	road	at	each	sampling	point.










Reduction of ground 
level, cm
5.8 4.1 3.8
Soil loss, m3/ha 580 410 380
Road width, m 4.5 5.0 4.5
Track total width, m 1.6 1.4 1.2
Longitudinal slope of 
road, %
12.9 10.5 6.2


















Analysis	of	 the	data	 classified	by	 road	 type	 re-
vealed	significant	correlations	in	only	three	cases,	par-
ticularly in secondary roads, for which slightly more 
Table 2 Spearman’s coefficients (rs) for correlations between soil 
loss and the variables evaluated. The values shown in bold type 
indicate significant correlations (p<0.05)






Main road (n1=13) ns 0.83 ns
Secondary road (n2=24) 0.48 ns 0.66
Tertiary road (n3=10) ns ns ns
All roads (N=47) 0.69 0.63 0.50
ns – not significant (p<0.05).
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observations	(24)	were	made	(Table	2).	In	relation	to	



















the characteristics of the road.



























that it extends the yarding distance by two or three 
times, a much larger area is drained from each road 
with the skyline system, which involves extraction of 
a larger volume of wood at each station. The use of this 
system	also	reduces	the	necessary	effort	by	workers	
and risks involved. Since fewer roads are required, 
larger areas will be covered by vegetation, including 
timber	trees,	and	runoff	and	the	overall	environmental	
impact	will	be	reduced	(Hernández	and	Alcázar	2003).




of only some of the tertiary roads, and therefore the 
estimated	soil	loss	is	only	reduced	in	this	type	of	road.
With	the	current	length	of	tertiary	roads	(2979	m),	
soil	loss	is	approximately	135.8	m3, and it is estimated 
that	reduction	of	this	type	of	road	to	only	1152	m	would	




some of the tertiary roads, the total soil loss would be 
Table 3 Estimated changes in soil parameters associated with the proposed changes to the road network in the study area




Reduction of ground level, 
cm
* Total soil lost within 
both tracks, m3
** Estimated soil loss due 
to tracks, m3/ha
Main road 3127 1.6 5.8 290.2 580.0
Secondary road 2907 1.4 4.1 166.9 410.0
Tertiary road 1152 1.2 3.8 52.5 380.0
Average – 1.5 4.8 – 479.2
Total 7186 – – 509.6 –
*   Total amount of soil actually lost within both tracks along each road type
** Estimated soil loss per hectare of track area (not forest area)
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509.6 m3 rather than the 592.9 m3 currently lost in the 
rainy	season;	in	other	words,	the	global	soil	loss	in	the	
truck	tracks	would	be	reduced	by	more	than	14%,	due	
to the reduction in the density of forest roads.
3.7 Bare soil area due to roads
Table 4 shows the area devoid of vegetation due to 
the	presence	of	roads	in	the	current	network	and	the	
corresponding	area	after	closure	of	the	roads	and	re-





the	 reduction	 in	environmental	 impacts	associated	
with deforestation.
The	use	of	two	drum	jammers	(one	drum	for	the	
mainline and the other for the haulback line), like the 











with this road density, would enable harvesting all of 
the	 trees	 in	 that	 cutting	 area,	which	 could	 not	 be	
reached	with	the	current	yarding	system	(direct	pull-





forest roads should also be studied: a) degree of soil 
compaction,	b)	presence	of	ditches,	culverts	and	other	
roadworks,	c)	type	of	soil	covering	the	road	bed,	d)	in-
tensity and frequency of rainfall, and e) the quantity 
and weight of trucks using the road, among others. 
Medium	and	long-term	studies	should	also	be	con-
ducted	to	evaluate	the	effect	of	the	intensity	of	annual	



























Table 4 Area devoid of vegetation with the current road network and with the proposed network
Road type











Area devoid of vegetation,
m2
Main road 3127 4.5 14,071 3127 4.5 14,071
Secondary road 2907 5.0 14,535 2907 5.0 14,535
Tertiary road 2979 4.5 13,405 1152 4.5 5184
Total 9013 14 42,011 7186 14 33,790
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